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 O objetivo nos presentes estudos foi avaliar, por meio de análise tridimensional de 
elementos finitos, os efeitos nos valores e padrões de distribuição de tensões de modelo 
virtuais de próteses implantossuportadas na presença de: 1) Simplificações de modelagem 
das geometrias de superfícies com rosca; 2) Variação do padrão de cargas oclusais e tipo 
de conexão de implantes; 3) Inclinação do implante e necessidade do uso de 
componentes angulados. No primeiro estudo foram confeccionados modelos virtuais 
simulando a interface entre o osso de uma seção posterior de mandíbula e um implante, e 
a interface entre o componente protético e o parafuso protético. As interfaces foram 
simuladas com variação da geometria das roscas e tipo de contato entre as estruturas. Os 
modelos da interface osso/implante receberam carga oblíqua de 180N, e os da interface 
abutment/parafuso carga de 41N. Foi observado, na interface implante/osso, que os 
valores de tensão variam de acordo com a geometria modelada e o contato entre as 
estruturas e que tensões artificialmente elevadas podem ser observadas em regiões 
pontuais. Na interface abutment/parafuso, a geometria modelada não influenciou os 
resultados obtidos. No segundo estudo, foram confeccionados modelos virtuais simulando 
próteses fixas suportadas por implantes de conexão do tipo hexágono externo, hexágono 
interno, e cone morse; submetidos à aplicação de cargas axiais ou oblíquas sobre a 
superfície da infraestrutura modelada (180N em primeiro pré-molar e primeiro molar; 
280N em segundo pré-molar). Foi observado que mediante aplicação de cargas oblíquas 
os valores de tensão apresentaram aumento significativo, e que o local de concentração 
das tensões também foi alterado para regiões mais inferiores nas estruturas avaliadas. Os 
modelos de montagens com implantes de conexão interna apresentaram padrão de 
distribuição de tensão mais favorável aos tecidos de suporte. No terceiro estudo, modelos 
virtuais de próteses fixas implantossuportadas foram simulados com implantes distais 
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posicionados de maneira inclinada. Os modelos foram confeccionados utilizando conexões 
do tipo hexágono externo e cone morse, sendo utilizados componentes com 17o de 
angulação. Os modelos foram submetidos às mesmas condições de carregamento citadas 
no estudo anterior. Foi observado que mediante inclinação dos implantes distais, não há 
diferença significativa nos valores de tensão nos tecidos de suporte, havendo apenas 
alteração na área de concentração de tensão. A tensão foi mais concentrada no osso 
trabecular ao redor do implante posicionado verticalmente. As conexões avaliadas 
apresentaram valores de tensão semelhantes nos tecidos de suporte, enquanto os 
modelos de conexão cone morse apresentaram maior tensão nos componentes 
protéticos. Desta maneira, concluiu-se que: 1) a simplificação da geometria de roscas para 
análise utilizando o método de elementos finitos gera valores e padrão de distribuição de 
tensão confiáveis; 2) a aplicação de cargas oblíquas gera aumento significativo na tensão 
nas estruturas ósseas; 3) o tipo de conexão do implante pode interferir na tensão em 
componentes protéticos e osso; 4) a inclinação de implantes não gera maior tensão nos 
tecidos de suporte. 
 
Palavras-chave: implante dental, análise de tensões, elementos finitos, abutment 














 The aim of the following studies was to evaluate with finite element analysis, the 
effect on stress values and distribution pattern of virtual models of implant-supported 
prostheses in the presence of: 1) Modeling simplification of threaded surfaces geometry; 
2) Variation of occlusal load pattern and implant connection type; 3) Implant inclination 
and the use of angled abutments. On the first study, virtual three-dimensional models 
were obtained simulating the interface between bone of a posterior section of the lower 
jaw and a dental implant, and the interface between an abutment and a prosthetic screw.  
The screwed interfaces were simulated with variation of thread geometry and contact 
between the structures. Bone/implant models were loaded with 180N oblique force, while 
abutment/screw models were loaded with 41N force. It was observed, on the 
implant/bone interface that stress values depend of the modeled geometry and the 
amount of contact between the surfaces; and that artificially high stress might be 
observed in located areas. On the abutment/screw interface, modeled geometry did not 
influence the results. For the second study, virtual models were obtained simulating 
three-element fixed partial dentures supported by two implants of external-hexagon, 
internal-hexagon or morse-taper connection. The models were submitted to axial or 
oblique loading (180N on first premolar and first molar, 280N on second premolar). It was 
observed that oblique loading significantly increased stress values, and changed stress 
concentration areas. Also, the models with internal connection implants presented stress 
distribution pattern more favorable to the supporting structure. On the third and final 
study, virtual models of implant-supported frameworks were obtained with inclined distal 
implants with external-hexagon or morse-taper connection and 17o angled abutment. All 
models were submitted to the same loading conditions previously described. It was 
observed that inclined implants do not significantly increase stress on supporting tissue, 
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with changes only on stress concentration area. Higher stress was concentrated at 
trabecular bone around the straight implant. The evaluated connection systems presented 
similar stress values on the supporting tissue, while morse-taper models presented higher 
stress on the prosthetic components than the external-hexagon. Thus, it was concluded 
that: 1) finite element models, with simplified representation of the thread interface 
present reliable stress values and distribution patterns; 2) oblique loading of the 
framework increases stress values on the supporting tissues; 3) implant connection 
system may interfere on stress on prosthetic components and bone; 4) implant inclination 
does not increase stress on supporting tissue. 
 
Key-words: dental implants, stress analysis, finite element, angled abutment, inclined 
implant  
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O conceito de reabilitação dental e as possibilidades de tratamento foram 
modificados com o desenvolvimento dos implantes osseointegrados. A partir da década 
de 70, quando Brånemark descreveu a osseointegração (Branemark et al., 1977) foram 
realizados diversos estudos longitudinais que demonstraram a confiabilidade e 
longevidade deste tratamento, apresentando taxas de sucesso de 97,7% (Jung et al., 2008; 
Jemt, 2008). Existe uma diferença clara entre a taxa de sucesso dos implantes e a das 
reabilitações protéticas (Jemt, 2008); entretanto foi relatada taxa de sucesso de 96,6% 
para reabilitações parciais implantossuportadas (Halg et al., 2008).   
De modo geral, as falhas das reabilitações sobre implantes podem ocorrer em duas 
fases. A primeira, após a colocação do implante, principalmente em decorrência de 
inflamações e a segunda, devido à remodelação óssea ao redor do implante (Sethi et al., 
2000).  
Desta maneira, fatores biomecânicos devem ser amplamente considerados 
durante o planejamento de reabilitações sobre implantes, pois podem ser responsáveis 
pela reabsorção óssea e fratura de componentes e infraestruturas protéticas (Sahin et al., 
2002). A transferência das forças oclusais para a interface osso/implante pode depender 
do tipo de carga oclusal à que a reabilitação é submetida, do material de confecção da 
prótese, da natureza da interface osso/implante, da quantidade e qualidade óssea e da 
geometria do implante utilizado (Geng et al., 2001; Eskitascioglu et al., 2004).  
As cargas oclusais às quais as reabilitações protéticas são submetidas são 
originárias dos movimentos mastigatórios que induzem forças axiais e oblíquas. Estas 
forças aplicadas sobre a superfície oclusal das próteses afetam diretamente as tensões 
geradas no implante e nas estruturas ósseas (Geng et al., 2001), considerando que o 
carregamento oclusal excessivo pode induzir reabsorção óssea e comprometer a 




longevidade do implante e da reabilitação. A tensão induzida pelas cargas oclusais é 
decorrente da associação entre o tipo e distribuição destas cargas, das propriedades 
mecânicas das estruturas envolvidas e do design do implante, da conexão protética e da 
infraestrutura (Barbier et al., 1998). 
Com relação ao design do implante, o perfil das roscas do implante (Geng et al., 
2004; Kong et al., 2008) e a forma do implante (Degerliyurt et al., 2010) tem sido relatados 
como fatores que podem influenciar a distribuição das forças oclusais para os tecidos 
ósseos de suporte. Além destas variações geométricas, o tipo de conexão entre o implante 
e o componente protético pode também influenciar a distribuição de tensões no osso e 
componentes protéticos (Maeda et al., 2006; Chun et al., 2006; Quaresma et al., 2008). 
Quando se consideram as reabilitações de dentes posteriores, muitas vezes o 
posicionamento dos implantes pode ser dificultado devido à presença de irregularidades 
ósseas decorrentes de reabsorção alveolar ou discrepância esquelética (Canay et al., 
1996). Como alternativa, podem ser utilizados implantes curtos (Fugazzotto, 2008), ou 
implantes de comprimento maior podem ser inseridos no osso na posição inclinada. Esta 
inclinação dos implantes faz com que seja necessário o uso de componentes protéticos 
angulados, para correção de posicionamento nos sentidos vestíbulo-lingual ou mésio-
distal, fornecendo condições adequadas para confecção e inserção da prótese. Desta 
maneira, a possibilidade do uso de componentes angulados permite que os implantes 
sejam posicionados em regiões mais favoráveis do rebordo alveolar, com relação à 
quantidade e qualidade óssea (Canay et al., 1996). 
Entretanto, a utilização de componentes angulados pode gerar aumento da 
incidência de cargas oblíquas sobre os implantes e tecido ósseo de suporte (Lin et al., 
2008), que pode ser afetado de diferentes maneiras e apresentar diferentes padrões de 
distribuição de tensões em decorrência de sua densidade (Holmes & Loftus, 1997). A 
incidência de cargas mastigatórias sobre a reabilitação ocasiona momentos fletores nos 
implantes de suporte. Quando o implante é posicionado de maneira inclinada, a 




intensidade destes momentos fletores pode aumentar (Kao et al., 2008), gerando maior 
tensão nos tecidos de suporte. 
A avaliação do comportamento biomecânico de reabilitações implantossuportadas 
em pacientes é limitada, o que torna interessante o uso de metodologias alternativas que 
possibilitem a realização desta avaliação. A análise do comportamento biomecânico de 
reabilitações implantossuportadas está diretamente associada à análise das tensões sobre 
os implantes, osso (cortical e medular) e componentes protéticos. As metodologias mais 
comumente utilizadas para a análise de tensões são a fotoelasticidade, a extensometria e 
os elementos finitos.  
Por meio da fotoelasticidade, é possível observar o padrão de distribuição de 
tensão em um material com propriedades fotoelásticas, que simula os tecidos de suporte. 
O padrão de distribuição das tensões no material fotoelástico é determinado pela 
presença e concentração de franjas isocromáticas na região ao redor dos implantes, que 
são formadas em função do fluxo de tensões na região avaliada (Cehreli et al., 2004). O 
número de franjas indica a magnitude da tensão/stress e a proximidade entre elas indica 
sua concentração na região. No entanto, apesar da possibilidade de utilização de 
implantes e componentes protéticos geometricamente fiéis aos de reabilitações 
protéticas in vivo, a presença da resina para simular a estrutura óssea de suporte promove 
diferenças com relação à situação clínica real. A resina fotoelástica possui propriedade de 
isotropia (Caputo, 1993), na qual um material apresenta as mesmas propriedades em 
todas as direções (Geng et al., 2001), o que não ocorre nos tecidos ósseos. Além disso, os 
modelos fotoelásticos apresentam estruturas de suporte homogêneas e padrões de 
contato perfeito entre a superfície do implante e a resina fotoelástica, situações que 
também diferem da realidade clínica. 
A técnica da extensometria por sua vez é uma maneira eficiente de quantificar 
tensões (Abduo et al., 2010). A análise extensométrica é realizada por meio da utilização 
de resistores elétricos, extensômetros (strain gauges), associados a equipamentos 
analisadores que fornecem informações de carregamento estático ou dinâmico, podendo 




ser utilizada in vivo ou in vitro (Akca et al., 2002; Assuncao et al., 2009). Por meio da 
extensometria, podem-se obter informações quantitativas a respeito da situação avaliada. 
Entretanto, os strain gauges aferem deformações em apenas uma direção (Clelland et al., 
1993), não se sabendo ao certo a influência do tamanho do extensômetro nos resultados 
apresentados pelo teste (Tanino et al., 2007), desta maneira a detecção de tensões 
poderá ser aleatória e altamente dependente do local onde o extensômetro é fixado 
(Sahin et al., 2002; Karl et al., 2004) 
Já no caso da análise utilizando o método dos elementos finitos, é possível avaliar a 
dinâmica das tensões por meio da simulação de um modelo numérico, desenvolvido com 
auxílio de computador, que permite a visualização da distribuição das tensões e seus 
valores em todas as superfícies e estruturas do modelo virtual, sendo amplamente 
aplicada em estudos na área de Odontologia (Tanino et al., 2007). As simulações por meio 
do método dos elementos finitos permitem predizer a distribuição de tensão na região de 
contato do implante com a cortical óssea e em torno do ápice no osso trabecular 
(Sutpideler et al., 2004), além de permitir prever problemas na conexão prótese-implante 
e falhas no parafuso de retenção e demais componentes protéticos (Kano et al., 2006). 
A semelhança entre os modelos de elementos finitos e as situações clínicas reais 
são atrativas devido à possibilidade de simulação de estruturas de osso cortical e medular, 
bem como as geometrias dos implantes e componentes protéticos, e a aplicação de carga 
dinâmica. Entretanto, para a confecção de modelos de elementos finitos, algumas 
pressuposições devem ser realizadas e podem influenciar os resultados obtidos após a 
análise. Algumas destas pressuposições são referentes ao detalhamento da geometria 
óssea e do implante, a serem modeladas, às propriedades dos materiais, condições de 
contorno (Korioth & Versluis, 1997) e interface entre osso e implante (Van Oosterwyck et 
al., 1998). 
Desta maneira, o presente estudo foi desenvolvido com o objetivo de verificar o 
efeito das simplificações da geometria de componentes modelados nos resultados 
apresentados em estudos utilizando o método de elementos finitos e, avaliar por meio do 




método de elementos finitos, o comportamento biomecânico de reabilitações suportadas 
por implantes de diferentes conexões, posicionados paralelos entre si ou inclinados, e 
submetidos a cargas oclusais variadas. 
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 Purpose: This study aimed to evaluate the effect on maximum stress values and 
the stress distribution patterns of threaded interface simplifications by means of a finite 
element (FE) analysis.  
 Materials and Methods: Three-dimensional solid models were obtained of the 
interface between a lower posterior mandibular bone section and an implant, and 
between an abutment and a prosthetic screw. The implant/bone interface was designed 
with a triangular profile thread representation and as a non-threaded cylinder. Thread 
thickness and contact area were evaluated on the models. The abutment/screw joint was 
modeled as a triangular threaded interface, and as a cylinder, with or without forged 
structures. Implant/bone models was loaded with 180N oblique force, while the 
abutment/prosthetic screw models were arbitrarily loaded with 36N axial and 20N lateral. 
 Results: Changes in absolute values and the distribution patterns of stress were 
observed on the implant/bone FE models, regardless of thread representation. Maximum 
stress values on bone ranged from 135.89MPa to 178.12MPa on the threaded 
implant/bone interface. Artificially high stresses and strains were observed on the 
threaded models, concentrated on the first implant threads. Unthreaded models 
presented maximum stresses of 126.42MPa and 158.84MPa. On the abutment/screw 
joints, von Mises maximum stress values presented minimal changes with model 
simplification, with values around 404.23MPa and 413.76MPa. Stress distribution was 
similar on both models, with stress concentrated at the neck of the prosthetic screw. 
 Conclusions: For the assumed linear analysis with elastic materials, models with 
lower extreme stress values are considered to be the most realistic. Therefore, a 
simplified thread profile might be used for both implant/bone and abutment/prosthetic 
screw modeling, generating similar stress distribution. 




Keywords: biomechanics, stress, finite element analysis, dental implants, threads 





Since their early development, implant-supported rehabilitations have faced 
several challenges to their success. These challenges have ranged from physiological or 
anatomical compromise1 to unfavorable biomechanical outcomes.2 Therefore, in order to 
provide the safest and most reliable rehabilitative treatment for any patient, researchers 
have always looked for treatments or implant/prosthetic alternatives to overcome these 
difficulties.  
Concerning the biomechanical outcomes of implant-supported rehabilitations, 
many scientific methodologies are used to verify strain/stress development in supporting 
bone and prosthetic components. Experimental stress analyses, such as fotoelasticity3 and 
extensometry (using strain gauges)4 or numerical simulation (using the  finite element 
method),4,5 are techniques that allow researchers to study the biomechanical outcomes of 
different rehabilitation designs and loading conditions.  
The finite element method has been suggested for stress analysis involving 
complex geometries.  This method is based on finding a solution to a mechanical problem 
by dividing the complex geometry domain into several smaller domains, called elements, 
and finding a solution to each element so that, when all solutions are combined properly, 
they produce a solution for the entire body. Despite the possibility of simulating the 
cortical and trabecular bones, implant and prosthetic components’ geometry, and 
different loading conditions, the finite element method application requires some special 
care regarding bones’ mechanical properties and implant/bone or cortical/trabecular 
bone interface.5  
In addition, many studies have presented difficulties in modeling the actual implant 
interface with the correct representation of implant threads. Implant threads have been 
presented as completely absent6,7 or in a simplified model, such as in concentric rings8 
instead of the helix pattern, due to difficulties in modeling the threads’ design or due to 
computational limitations.9 Nonetheless, there is little information regarding the effect of 
these modeling simplifications on the stress patterns of implant-supported analyses.  




Thus, the aim of the present study was to evaluate the effect of implant thread and 
prosthetic screw thread simplification on the tridimensional finite element analysis of 
stress development patterns in implant-supported rehabilitations. A complete assembly 
was used to evaluate the feasibility of managing large models with the available computer 
resources. 
 
Materials and Methods 
 Three-dimensional, solid elements-based finite element (FE) models were built, 
reproducing an assembly with a dental implant, an intermediary abutment, and a 
prosthetic screw for lower posterior rehabilitation with the aim of evaluating the stress 
distribution in the joints between the implant and the supporting bone, and between the 
abutment and the prosthetic screw. The assemblies consisted of a 4.1mm X 11mm 
external hexagon implant, a conical abutment and a prosthetic screw (Neodent – Curitiba, 
PR, Brazil).  The mandibular section was 21.5mm high X 8.9mm wide X 9mm long with 
1.5mm thick cortical bone layer. 
 For the analyses of the implant/bone interface, two main 3D FE models were 
constructed, one with a triangular profile thread representation and the other as a 
cylinder with no threads.   From the initial threaded FE model, five variations were 
obtained, based on thread thickness and bone/implant contact area (Figure 1). Threaded 
model-1 (TM-1) presented a triangular thread profile of both implant and bone with 
cortical bone contact up to the top portion of the uppermost thread until the implant 
neck; TM-2 presented the same implant profile with reduced bone contact between the 
implant threads; TM-3 presented the same profile as TM-2 without cortical bone contact 
on the implant neck; TM-4 presented increased contact area between bone/implant with 
a changed profile between the implant threads; TM-5 presented similar implant profile as 
TM-3, with reduced bone contact between the implant threads.  




 From the initial unthreaded FE model, two variations were obtained (Figure 2). 
Unthreaded model-1 (UM-1) presented cortical bone contact up to the implant neck, 
while UM-2 did not. 
 The abutment/prosthetic screw (AS) interface simplifications were evaluated in 
three 3D FE models (Figure 3). The first model (AS-1) presented a triangular threaded 
design of the screwed interface; AS-2 presented absent threads, and AS-3 presented a 
forged interface of the prosthetic components. 
 The FE models were obtained by automatically meshing a SolidWorks Assembly 
(Dassault Systèmes, SolidWorks Corporation, Concord, MA, USA) using the CosmosWorks 
FEM feature. Three-dimensional Parabolic Tetrahedral elements were used to generate 
compatible meshes between the models’ parts. Each model was generated by setting the 
same element size of 0.35mm, giving an equivalent total number of elements and nodes. 
Boundary conditions for implant/bone models (TM and UM) were set on both sides of the 
bone section, while for the abutment/prosthetic screw models (AS), they were set around 
the abutment neck. For the implant/bone models, a total of 180N10 load was applied, 
consisting of two components: a 161N downward axial force combined with an 80.5N 
lateral force. For the abutment/prosthetic screw models, the loading conditions were 
arbitrarily set on 36N axial and 20N lateral.  
 All materials were considered to be isotropic, homogeneous, and linearly elastic. 
The relevant materials’ mechanical properties (Poisson ratio and Young Modulus) are 
presented in Table 1.5,11,12 As mentioned above, all CAD and CAE activities for constructing 
the solid geometry representation of the parts, the assembly, the further finite element 
analysis, and the post-processing were performed using the SolidWorks 3D CAD Design 
Software (Dassault Systèmes, SolidWorks Corporation, Concord, MA, USA). Maximum von 
Mises stress values were determined, as well as the stress distribution pattern for each 
model for the purpose of mechanical performance evaluation. 
 
 





 The 3D stress-state effect is rated according to the associated von Mises stress, 
which provided the maximum stress values and stress distribution pattern for each model 
that was analyzed. The data obtained from the FE analyses are presented in colored 
diagrams, allowing visualization of the stress distribution characteristics.  
 Changes in absolute values and the distribution pattern of stress were observed on 
the implant/bone FE models, regardless of thread representation. The FE model with 
triangular profile thread representation and complete bone/implant contact (TM-1) 
presented higher maximum von Mises stress (178.12MPa), concentrated on the extremity 
of the first bone threads. The reduction of bone/implant contact (TM-2) generated 
decreased stress (154.72MPa), which also decreased after removal of cortical bone 
around the implant neck (TM-3; 135.89MPa) and was concentrated on the bone surface. 
In the presence of increased implant/bone contact area, with a changed profile between 
the implant threads (TM-4), the stress concentration was along the first threads, and the 
maximum von Mises stress obtained was 164.84MPa, which decreased after a reduction 
of implant/bone contact by changing the bone thread profile (TM-5; 142.00MPa) and 
presented the stress concentration on the bone surface (Figure 4). Among the non-
threaded implant FE models, a difference was also observed with the cortical bone 
positioning over the implant (Figure 5). The model with cortical bone around the implant 
neck (UM-1) presented a maximum von Mises stress of 158.84MPa, while the model 
without cortical bone around the implant neck (UM-2) presented a maximum value of 
126.42MPa. Nonetheless, stress distribution was similar for both models. 
 On the abutment/prosthetic screw FE models (Figure 6), von Mises maximum 
stress values presented minimal changes in the presence of model simplification. When 
the triangular thread profile of the screwed interface was modeled (AS-1), maximum 
stress was 412.55MPa. In the absence of the threads, von Mises maximum stress 
decreased to 404.23MPa, whereas when the abutment and prosthetic screw were forged 




to each other, maximum stress was 413.76MPa. Stress distribution was similar for both 
models, with stress concentrated at the neck of the prosthetic screw. 
 
Discussion 
 Finite element studies have often presented simplified implant thread 
configurations, presenting the threads as completely absent6 or modeled as concentric 
rings.8 Nonetheless, there is little information regarding the effect of these modeling 
simplifications on the stress patterns of implant-supported analyses. Thus, the present 
study was developed to verify the effect of thread simplification on FE models of implant-
supported rehabilitations. For this purpose, and knowing that screwed joints are present 
on both implant/bone and abutment/prosthetic screw interfaces, separate analyses were 
made for each screwed joint. 
  Previous studies12-15 have been performed to evaluate the effect of implant thread 
configuration on stress distribution on the supporting alveolar bone. Some studies have 
found that different thread configurations do not affect the von Mises distribution at the 
supporting bone15 or only at the cortical bone structure.12 In contrast, it has been 
suggested that thread design might affect the stress distribution and intensity.13,14  
Nonetheless, the main goal of the present study was not to compare implant thread 
designs directly. Due to the great difference in rigidity between the alveolar bone and the 
dental implant, this study aimed to discover a modeling technique for a dental 
implant/alveolar bone interface that would better indicate the stress distribution pattern 
and would present reliable von Mises maximum stress values. However, because of the 
assumptions that need to be made in order to perform a finite element analysis, it has 
been suggested that the data obtained by means of FE analyses be evaluated qualitatively 
rather than quantitatively.16  
 The FE model representing the implants with a triangular threaded profile (TM-1) 
presented the highest maximum stress values, which were mainly concentrated in the 
extremity of the first threads. This stress distribution pattern was observed for most 




threaded models, regardless of the simplifications that were made. It was noticed that 
when the bone threads were altered (TM-2 and TM-3), reducing the contacting interfaces 
between bone and implant threads, the stress distribution pattern changed along with a 
reduction on maximum stress values. However, it might have been expected that with a 
reduction in the contact area between the surfaces, the maximum stress values would 
increase, which was not observed. When the interface between implant and bone threads 
was reestablished with the changed thread profile (TM-4), the maximum stress increased, 
even though the contact surface area had increased. Nonetheless, when the profile was 
altered to an attenuated thread, maximum stress decreased and became more 
concentrated on the cortical bones’ surface. 
 Despite the fact that the purpose of the present study was not to compare 
different implant thread designs directly, the results obtained corroborate with previous 
studies that evaluated the effect of thread design on bone tissue.12,14 It has been 
demonstrated that different implant and thread designs might affect stress values, and 
that truncated V-threaded (with a profile similar to TM-3), 0.36mm width square-
threaded,12 and threads with 0.34-0.50mm height and 0.18-0.30mm width14 might be 
favorable for stress distribution pattern. 
 The obtained maximum stress values on the interface between implant and 
alveolar bone were demonstrated to be highly dependent on the geometric 
considerations of the joint,13,14 probably due to the great difference between the rigidity 
properties (Young modulus) of these structures. In addition, when FE analyses of biological 
systems are performed, some artificially high stresses and strains might be portrayed due 
to kinematic constraints, point loads, or sharp corners.17 The appearance of these 
artificially high stresses results from the theory of elasticity, to which the FE solutions are 
approximated. According to the theory of elasticity, stress and strain singularities are 
indicative that some modeling idealizations are physically impossible.17 Saint Venant’s 
principle states that these highly concentrated modeling artifacts do not affect stress 
values in other regions of the model.18 Nonetheless, the presence of these artificially high 




stress values makes it difficult to extract accurate maximum von Mises stress values from 
the FE analysis.17 
 Considering that this was a linear analysis with elastic materials and forged 
structures, one might expect the materials to settle and minimize stress concentration, 
which would make the stress distribution pattern with the lower extreme maximum stress 
value the most realistic (TM-3 model). Therefore, when the maximum stress values 
obtained for the lower stress threaded FE model (TM-3) and the equivalent non-threaded 
FE model (UM-2) are compared, the absolute values difference is around 7%. Besides, 
both TM-3 and UM-2 models presented similar stress distribution patterns, which agrees 
with a previously reported study that evaluated the stress distribution patterns of 
threaded and non-threaded dental implants as geometric simplification for finite element 
analysis.19 
 Regarding the evaluation of the simplification of the interface between the 
abutment and the prosthetic screw, it may be noticed that maximum stress values ranged 
from 404.23-413.76Mpa, with a variation of only 2% between FE models. Along with the 
minimal variation on maximum stress values, all models presented very similar stress 
distribution patterns. The obtained results of the geometrically simplified models suggest 
that either one of these geometries might be suitable for the analysis of implant-
supported prosthetic assemblies when the overall mechanical behavior of the parts is the 
main goal. 
 The present study was developed in the search for assembly simplifications due to 
difficulties in obtaining compatible mesh within the representation of complex geometries 
and limited computational resources (software and hardware). As an example, to 
accomplish the TM-4 modeling, the required computer resources increased just because a 
trapezoidal male-female contact area was included. The simulated models aimed to 
discover a model configuration in which there is a balance between the stress distribution 
pattern and the cross-sectional contacting interfaces of the evaluated joint structures. 
 





 Within the limitations of this FE study, it can be concluded that simplified thread 
profiles might be used for implant/bone and abutment/prosthetic screw modeling, 
generating similar stress distribution patterns. In addition, simplifying the most complex 
geometrical feature of the FE model allows a compatible mesh of the entire assembly to 
be obtained with fewer computer resources.  
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Structure Material Poisson ratio Young modulus (GPa) 
Bone 
Cortical bone 0.3 13.7 
Trabecular bone 0.3 1.37 
Abutment/Prosthetic 
screw 
Ti-6Al-4V 0.31 110 
Dental implant cp Ti  0.3 117 





Figure 1 – Bone/implant (pink/grey) interface - Implant threaded models - TM-1 (a); TM-2 (b); TM-3 (c); TM-
4 (d); TM-5 (e). 





Figure 2 – Bone/implant (pink/grey) interface - Implant unthreaded models - UM-1 (a); UM-2 (b). 











Figure 3 – Abutment/prosthetic screw  models – AS-1 (a); AS-2 (b); AS-3 (c). 
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Figure 4 – Bone –  Implant threaded models – von Mises stress (MPa) - TM-1 (a); TM-2 (b); TM-3 (c); TM-4 
(d); TM-5 (e). 
 




Figure 5 – Bone – Implant unthreaded models – von Mises stress (MPa) - UM-1 (a); UM-2 (b). 
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Effect on stress of implant–abutment connection under different loading conditions: A 
3D-FEA study 
 
Stress distribution of implant-abutment interfaces 
 
Abstract 
 This study aimed to evaluate, by means of three dimensional finite element 
analyses, stress values and distribution pattern of axial and oblique occlusal loading of 
three-element fixed implant-supported prostheses, manufactured with different implant 
connection systems. External-hexagon, internal-hexagon and morse-taper connection 
systems were chosen to obtain posterior lower partial denture models, with conical 
abutments and screwed titanium frameworks. For modeling purposes, all materials were 
considered to be homogeneous, isotropic and linearly elastic. Implant was considered to 
be completely osseointegrated and prosthetic structures were forged together. Both 
oblique and axial loads were standardized at 180 N for first premolar and molar, and 280 
N for second premolar. Under exclusively axial loading, similar values and stress 
distribution patterns were observed for all connection systems. However, under oblique 
loading, stress values presented significant increase and stress distribution pattern 
changed for some of the internal-connection models’ structures. Despite the absence of 
information regarding the values of stress that actually induce bone resorption and 
remodeling, it can be concluded that oblique loads generate increased stress on bone 
structures and also on prosthetic components. Based on the results presented in this 
study, it can be suggested that internal connection implant systems may present more 
favorable stress distribution pattern than external-connection system implants. 
 
Key words: finite element analysis, dental implants, occlusal loading, connection system 





 Overall, implant supported rehabilitations may fail under two situations. The first, 
immediately after the implant has been placed, mostly due to tissue inflammation. The 
second, due to bone resorption around the dental implant (1). Therefore, biomechanical 
factors must be widely considered during planning of implant supported rehabilitations 
due to its main responsibility in bone resorption and fracture of prosthetic components 
and frameworks (2). Occlusal load transfer between bone/implant interface depends not 
only of the occlusal load, but also of the material in which the prosthesis is manufactured, 
the nature of the bone/implant interface, bone quantity and quality and the geometry of 
the implant that is selected for the rehabilitation (length, diameter and shape) (3, 4). 
 Researches have reported that when it comes to implant design, the implant 
thread profile (5, 6) and the implants’ shape (7) might influence the stress distribution of 
occlusal load over the supporting bone tissue. The implant-abutment connection system 
has also been reported as potentially affecting stress distribution on bone and prosthetic 
components (8-10).  
 Several abutment connection systems have been idealized, each one presenting its 
pros and cons for patient rehabilitation. The conventional external-hexagon connection 
(butt-joint) has been reported advantageous for its anti-rotational mechanism, easiness 
on prosthesis unscrewing and compatibility between different implant systems. 
Nonetheless, external-hex connections might be considered slightly unstable due to the 
height of the hexagon, allowing prosthesis micromovement and rotation. Inasmuch, 
internal-hexagon connection systems are advantageous for producing antirotational, 
stable and more resistant rehabilitations with better force distribution. However, in 
internal-hex rehabilitations adjustment of divergent implant angles might be difficult. Still 
within the internal connection types, the taper joint system with a conical seal or Morse 
taper presents some of the advantages of the internal-hex connection added to better 
sealing of the joints (9). Taper joint connections are more stable and resistant than the 
other connections and are also more difficult to be released upon need. 




 Due to the wide variation of implant and prosthetic systems to be chosen, implant-
supported rehabilitations must be carefully planned, so that optimal biomechanical 
scenario is obtained.  Nevertheless, clinical trials are extremely difficult to be performed 
when it aims to evaluate stress distribution on implant-supported prostheses. Thus, finite 
element (FE) studies have been performed (3-8, 10), simulating possible clinical conditions 
and aiming to verify stress distribution on bone structures and prosthetic components. 
Nonetheless, few FE studies have been performed that have considered both axial and 
lateral components of occlusal loading. 
 It is known that vertical loads from masticatory movements induce both axial 
forces and bending moments that will affect the stress in the implant and bone structures 
(3). Excessive occlusal loading might be responsible for bone resorption and 
osseointegration loss, compromising the longevity of the implant-supported 
rehabilitation. The stress generated due to the occlusal loads is directly related to the type 
and distribution of these loads, associated with the mechanical properties and design of 
the implant assembly and the prosthetic framework (11). 
 Thus, the aim of the present study was to simulate with the finite element method 
a clinical situation of a three-element fixed partial implant-supported prosthesis, and 
evaluate the stress distribution pattern of different implant-abutment connection systems 
(external-hexagon, internal-hexagon or morse taper) loaded with only axial or a 
combination of both axial and lateral forces. 
 
Materials and Methods 
 Three-dimensional solid elements based finite element (FE) models were built 
reproducing the clinical situation of a lower implant-supported rehabilitation. A three-
element fixed partial denture framework was designed to restore first and second 
premolars and first molar, and was supported by two dental implants. Three assemblies 
were modeled, consisting in two 4.1 mm X 11 mm implant, two conical abutments, two 
prosthetic screws (Neodent – Curitiba, PR, Brazil) and a framework (25 mm length X 8 mm 




height).  Implant-abutment connection system varied on each assembly, one assembly 
was modeled with external-hex connection implants and abutments (EH), the other with 
internal-hex connection (IH) and the last with morse taper connection (MT). A posterior 
section of the mandible was modeled, with 1.5 mm thick cortical bone layer. 
 All assemblies were obtained using SolidWorks Assembly (Dassault Systèmes, 
SolidWorks Corporation, Concord, MA, USA). For the finite element models, the 
CosmosWorks FEM feature of the same computational program was used to automatically 
obtain the meshes of the models. Three-dimensional parabolic tetrahedral elements 
were used to generate compatible meshes between all the models’ parts. Each model was 
generated setting the same element size of 0.35 mm. Boundary conditions for all models 
were set on both sides of the bone section.  
 Compressive load was applied over the entire occlusal surface of the prosthetic 
framework, following two loading conditions.  For the exclusively axial loading condition 
(AX), 180 N were applied over the first premolar and first molar, and 280 N were applied 
over the second premolar (12). For the oblique loading condition (OB), associated axial 
and lateral loads were applied, which resulted in a sixty three degree oblique loading. On 
the first premolar and molar, the 180N load was applied consisting of two components: 
161 N downward axial force combined with an 80.5 N lateral force. On the second 
premolar, the 280 N load was applied with 250.44 N downward axial force combined with 
125.22 N lateral force. 
 All materials were considered to be isotropic, homogeneous and linearly elastic. 
The materials’ mechanical properties (Poisson ratio and Young Modulus) were inserted as 
follows (3, 5, 13): Implants and prosthetic framework – Commercially pure titanium (0.3; 
117 GPa); Abutment and prosthetic screws – Ti-6Al-4V (0.31; 110 GPa); Cortical bone (0.3; 
13.7 GPa); Trabecular bone (0.3; 1.37 GPa). All CAD and CAE activities constructing the 
solid geometry representation of the parts and the assembly and the further finite 
element analysis and post-processing were performed using the SolidWorks 3D CAD 
Design Software (Dassault Systèmes, SolidWorks Corporation, Concord, MA, USA). 




Maximum von Mises stress values were determined as well as the stress’ distribution 
pattern for each model. Colored diagrams were obtained using FEMAP version 8.3 
(Siemens PLM Software, Plano, TX, USA) and are presented for the visualization of the 
models’ stress distribution characteristics. The models are labeled according to the 
implant-abutment connection system (EH, IH or MT) and the loading condition (AX or OB). 
  
Results 
 All FE models presented similar number of nodes and elements. The external-
hexagon model presented 1 490 816 nodes and 1 073 719 elements, the internal-hexagon 
model presented 1 492 945 nodes and 1 073 671 elements, and the morse-taper model 
presented 1 472 904 nodes and 1 062 819 elements. The data obtained from the FE 
analyses are presented as the associated von Mises stress, providing maximum stress 
values and stress distribution pattern for each model. Maximum stress values obtained for 
the evaluated structures are presented on Table 1. 
 Under axial loading (Table 1 – AX models), the internal-hexagon model (IH-AX) 
presented higher maximum stress value on the cortical bone structure than the other 
connections. However, on trabecular bone, IH-AX and EH-AX presented similar maximum 
stress values, while MT-AX presented lower stress value. Higher stress values were 
observed around the implant neck on the cortical bone (Figure 3) and at the bottom of the 
implants on the trabecular bone (Figure 4). The implants cylinders also presented different 
maximum stress values between the EH implant and the IH implant. Higher stress values 
were observed at the implants’ platform (Figure 5). For the MT model, maximum stress 
values could only be obtained for the assembled implant and abutment.  
 On the prosthetic abutments, obtained maximum stress values differed between 
EH-AX and IH-AX. Maximum stress values at the IH abutment screw was 28.40 MPa. On 
the abutments, maximum stress was located at the abutment platform, at the interface 
between the framework and the abutment (Figure 6). Prostheses frameworks presented 
similar maximum stress values for all models. Higher stress values were located at the 




bottom of the framework, at the contacting surface with the abutment (Figure 7). 
Nevertheless, the prosthetic screws presented different maximum stress values between 
the models. EH-AX model presented the lowest maximum stress, followed by MT-AX and 
IH-AX. Despite the difference on maximum stress values, stress location was similar for all 
models, at the prosthetic screws’ neck (Figure 8).  
 Maximum stress values of all evaluated structures presented increase when the 
models were submitted to the oblique loading conditions (Table 1 – OB models). EH-OB 
model presented maximum stress on cortical bone similar to MT-OB. On trabecular bone, 
MT-OB presented the lowest maximum stress value and EH-OB presented the highest. 
Distribution patterns of maximum stress on cortical bone were similar to those of the axial 
loading condition (Figure 3). For the trabecular bone, high stress values were observed on 
the surface of the trabecular bone, close to the implants’ neck and at the bottom of the 
implant (Figure 4). On the implants, maximum stress values were located at the neck of 
the EH and IH implants (Figure 5). The EH implant presented higher maximum stress value. 
 The IH prosthetic abutment presented lower maximum stress value. However, 
stress concentration was similar for all models. Higher stress values were located at the 
lower portion of the abutment, at the contacting surface with the implant (Figure 6). 
Maximum stress at the IH abutment screw increased to 157 MPa. Maximum stress values 
and stress distribution on the frameworks remained similar for all models, with higher 
stress concentration at the bottom of the framework (Figure 7). The same was observed 
on the prosthetic screws (Figure 8), with exception of the IH-OB prosthetic screw, which 
presented reduced maximum stress (Table 1). 
 
Discussion  
 Stress distribution pattern of implant-supported rehabilitations has often been 
evaluated by means of strain gauge, fotoelasticity and finite element methods. It has been 
suggested that some features of the implant-supported rehabilitations might affect the 
stress magnitude and distribution pattern to the supporting bone (5-7). Implant 




connection system has also been reported as potentially affecting stress distribution on 
bone and prosthetic components (8-10). Nevertheless, there is no agreement on the 
actual effect of this parameter on stress of implant-supported rehabilitations (8, 14). 
  Three commonly used implant connection systems were evaluated by means of FE 
modeling in the present study. Finite element models were obtained simulating three-
element implant-supported fixed partial rehabilitations, using implants with external-
hexagon, internal-hexagon or morse-taper connection system. The models were 
submitted to two loading conditions, with exclusively axial loading or with the 
combination of both axial and lateral loading. Loading forces were obtained based on a 
previous report (12) and applied over the entire occlusal surface of each teeth modeled in 
the framework to distribute stress more equally to the other modeled structures (4, 15).  
 Previous studies have diverged on rather the implant connection type affects or 
not stress values and distribution on implants and prosthetic components. In the present 
study the evaluated implant connection systems presented slight changes on maximum 
von Mises stress values. Nonetheless, stress distribution pattern was similar for all models 
under exclusively axial loading. These obtained results corroborate with previous studies 
(8, 16) in which under axial loading similar stress distribution patterns and stress values 
were obtained for EH, IH and MT systems.  
 However, occluding masticatory forces induce both axial and lateral forces, 
originating bending moments that will affect the stress in the implant and bone structures 
(3, 17). It is known that vertical components of occlusal forces are much higher than the 
oblique and horizontal forces (7), thus, the 2:1 ratio that was determined for the axial and 
lateral forces used in the present study. From the combination of the loads determined 
for both loading axis, a resulting force at 63o angulation to the horizontal plane was 
obtained and applied over the occlusal surface of the frameworks.  
 Upon oblique loading, maximum von Mises stress increased at all the evaluated 
structures (18, 19). Stress at cortical bone ranged around four fold the stress at axial 
loading. Trabecular bone and prosthetic framework presented close to twice higher stress 




under oblique loading. Implants, abutments and prosthetic screws presented even higher 
increased stress values. The increased stress when oblique loading is applied was 
expected as the presence of lateral forces during occlusion generates a bending moment 
within the prosthesis, prosthetic components and the supporting implants  that influences 
principal stresses and von Mises stress values of the rehabilitation structures (20). 
 Besides increasing the maximum stress values of the structures, oblique loading 
promoted change on some of the stress concentration areas. Trabecular bone presented 
stress concentration areas at both the apex of the implant and close to the implants’ 
platform. In the presence of oblique loading, stress distribution area may be greater 
mainly at the opposite direction to which the load was applied (21). Higher stress was also 
concentrated on a lower portion of the implants cylinders and the abutments when 
compared to the location on the axially loaded models, which occurred probably as a 
result of the bending moment originated by the oblique loading of the rehabilitation (3, 
17). 
 The different connection systems that were evaluated presented minor differences 
on stress intensity. However, internal connection systems presented a tendency for lower 
stress values. Upon oblique loading, morse-taper connection presented lower stress at 
trabecular bone, while internal-hexagon connection presented lower stress at implants, 
abutments and prosthetic screw. These findings are in agreement with other studies, on 
which internal connection systems presented lower stress concentration than external 
connection systems (16, 20, 22). Internal connection systems’ lower stress values might 
have been a consequence of the greater contact area between the abutments and the 
implants. Increased contact area between these structures might have reduced the effect 
of bending caused by the horizontal component of the applied load (8). In addition, 
internal connection systems present greater stability than external-hex systems (23), 
which may contribute to stress values and distribution. When comparing both internal 
connection systems, it was observed that internal-hex model presented higher stress on 
trabecular bone and lower on prosthetic structures, while morse-taper model presented 




higher stress on the prosthesis structures and lower on cortical and trabecular bone (10). 
Nonetheless, both internal connection models presented lower stress on either trabecular 
bone or prosthetic components. 
 Excessive load on implant-supported rehabilitations are known to be responsible 
for bone resorption around the dental implant (1). Cortical bone structure is known to 
present higher stress concentration than trabecular bone, hence the resorption pattern 
frequently observed. Ultimate tensile and compressive strength of cortical bone has been 
reported around 100-121 MPa and 167-173 MPa respectively (24, 25), however, stress 
values that actually cause biological changes such as resorption and remodeling in the 
bone are not presently known (26).Therefore, while planning an implant-supported 
rehabilitation reduced stress values and more equal stress distribution are desired.  
 Thus, within the limitations of this study and taking in consideration the 
assumptions made for these FE models, it can be concluded that upon oblique loading, 
stress values present significant increase. Also, the slight differences between the stress 
values obtained in this study might suggested that internal connection systems may 
present more favorable stress pattern than external-hexagon connection system. 
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Table 1 – Maximum von Mises stress values (MPa) presented by the evaluated models. 
* On the MT model, implant and abutment were modeled as one piece, therefore, maximum stress values 
were obtained for this combined piece.  
 
 








AX 31.30 7.02 90 114 49.20 110 
OB 123 13.30 605 565 127 260 
IH 
AX 35.30 7.10 83.30 105 71.90 102 
OB 139 12.90 399 416 66.20 264 
MT 
AX 33.20 5.58 132* 67.60 112 
OB 125 9.32 882* 210 279 





Figure 1 – Simulated three-element implant supported rehabilitations – sectioned view – (a) external-
hexagon implants, (b) internal-hexagon implants, (c) morse-taper implants. 





Figure 2 – Occlusal loading schemes. Single arrows only ilustrate loading direction. Occlusal loads were 
applied over the entire occlusal surface of the frameworks – (a) axial loading, (b) oblique loading. 





Figure 3 – Cortical bone – von Mises stress (MPa). Maximum stress located at the cortical bone surrounding 
the implant – (a) axial load, external-hexagon implants, (b) axial load, internal-hexagon implants, (c) axial 
load, morse-taper implants, (d) oblique load, external-hexagon implants, (e) oblique load, internal-hexagon 
implants, (f) oblique load, morse-taper implants. 





Figure 4 – Trabecular bone – von Mises stress (MPa). On AX models, maximum stress is located at the 
bottom of the implants, while on the OB models maximum stress also locates at the surface of the 
trabecular bone – (a) axial load, external-hexagon implants, (b) axial load, internal-hexagon implants, (c) 
axial load, morse-taper implants, (d) oblique load, external-hexagon implants, (e) oblique load, internal-
hexagon implants, (f) oblique load, morse-taper implants. 





Figure 5 – Implants – von Mises stress (MPa). Maximum stress location changed from the implants’ platform 
(AX models) to the implants’ neck (OB model) – (a) axial load, external-hexagon implants, (b) axial load, 
internal-hexagon implants, (c) axial load, morse-taper implants, (d) oblique load, external-hexagon implants, 
(e) oblique load, internal-hexagon implants, (f) oblique load, morse-taper implants. 
 
 





Figure 6 – Abutments – von Mises stress (MPa). Under AX loading, maximum stress on the abutments was 
located at the contact area between the abutments and the framework. Under oblique loading, maximum 
stress was located at the contact area between the abutments and the implants – (a) axial load, external-
hexagon implants, (b) axial load, internal-hexagon implants, (c) axial load, internal-hexagon abutment screw, 
(d) oblique load, external-hexagon implants, (e) oblique load, internal-hexagon implants, (f) oblique load, 
internal-hexagon abutment screw. 
 





Figure 7 – Frameworks – von Mises stress (MPa). Stress distribution was similar for both loading conditions, 
with increased maximum stress value upon oblique loading – (a) axial load, external-hexagon implants, (b) 
axial load, internal-hexagon implants, (c) axial load, morse-taper implants, (d) oblique load, external-
hexagon implants, (e) oblique load, internal-hexagon implants, (f) oblique load, morse-taper implants. 
 
 





Figure 8 – Prosthetic screws – von Mises stress (MPa). Both loading conditions generated maximum stress 
around the screws’ neck. Oblique loading generated increased maximum stress values – (a) axial load, 
external-hexagon implants, (b) axial load, internal-hexagon implants, (c) axial load, morse-taper implants, (d) 
oblique load, external-hexagon implants, (e) oblique load, internal-hexagon implants, (f) oblique load, 
morse-taper implants. 
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 Objectives: To evaluate the effect on stress on bone structures and prosthetic 
components of posterior lower jaw three-element fixed partial dentures supported by 
inclined distal implants. 
 Material and Methods: Three-dimensional finite element models were built 
simulating a three-element fixed partial denture supported by two implants with external-
hexagon or morse-taper connection system. Models were built with parallel implants and 
straight abutments or with mesial tilted distal implant and 17o angled abutment. Screw 
retained frameworks were loaded with oblique force of 180N on first premolar and first 
molar and 280N on second premolar. Stress distribution pattern and von Mises maximum 
stress were obtained for each model and structure.  
 Results: Stress distribution on cortical bone was similar on all models. Maximum 
stress values on cortical bone were around 124MPa, presenting little variation. The same 
pattern was observed on trabecular bone, nonetheless, mesial tilting of the distal implant 
increased stress concentration on trabecular bone around the straight implant. Morse-
taper prosthetic components presented higher maximum stress on abutment and 
prosthetic screw. Angled abutments presented stress distribution and maximum stress 
values similar to those presented by the straight abutments. Prosthetic screws of the 
same connection system model were not affected by the presence of angled abutments. 
 Conclusion: Both external-hexagon and morse-taper connection systems 
presented similar stress distribution on the supporting bone, and maximum stress values 
within the ultimate compressive and tensile strength of bone. Prosthetic components of 
the morse-taper connection present higher stress than the external-hexagon components. 
 
 





 Dental rehabilitation concepts and treatment options are in constant evolution. 
Every since the osseointegration was first described (Branemark et al. 1977), longitudinal 
studies have been performed and have demonstrated the reliability and longevity of 
dental implant treatment, with reported success rates of up to 97.7%  (Jemt 2008, Jung et 
al. 2008). A clear difference between implants’ and prostheses’ success rates (Jemt 2008), 
nonetheless, a success rate of 96.6% has been reported for implant-supported fixed 
partial dentures (FPD) (Halg et al. 2008).  As implant success goes, failure may occur in two 
stages. The first stage being after the implant is placed and the second due to bone loss 
around the implant after its initial osseointegration (Sethi et al. 2000).  
 Therefore, biomechanical risk factors must be broadly considered during planning 
of implant placement and prosthetic rehabilitation for being responsible for both bone 
resorption and framework and prosthetic components’ fracture (Sahin et al. 2002). 
Biomechanical failures are mainly related to the rehabilitations’ overloading. Inasmuch, 
load transference to the implant-bone interface depends on the intensity and direction of 
the occlusal load, the material of which the prosthesis is manufactured, the nature of the 
implant-bone interface, bone quantity and quality and also the geometry of the inserted 
dental implant (Eskitascioglu et al. 2004, Geng et al. 2001). 
 When it comes to posterior teeth rehabilitation, implant positioning might be 
difficult due to the presence of bone irregularities as consequence of bone resorption or 
skeletal discrepancy (Canay et al. 1996). Less quantity of dense bone is often observed in 
the posterior region of partially edentulous lower jaws if compared to the anterior 
interforaminal region of completely edentulous jaws (Akca & Iplikcioglu 2001). In addition, 
the presence of anatomical landmarks, such as the mandibular canal and the mentual 
foramen might difficult implant positioning on the jaw and restrict the length of the 
implant to be placed (Akca & Iplikcioglu 2002). In such situations, short implants’ placing 
(Fugazzotto 2008) or placing of longer implants on inclined position is often performed.   




 In the presence of inclined positioned dental implants for posterior partial 
rehabilitations, angled abutments are needed in order to reduce the divergence between 
the implants’ platform and obtain proper insertion axis for the prosthesis. However, the 
use of angled abutments, and the inclined position of the supporting implants might 
increase the susceptibility of the rehabilitation system to oblique occlusal loads, mainly 
over the implants and bone structures (Lin et al. 2008). Posterior teeth rehabilitations are 
also exposed to more intense loading condition, hence, maximum bite force of patients 
with FPD supported by dental implants has been demonstrated to be similar of those 
patients with natural dentition (Mericske-Stern et al. 1995).  
 Because osseointegrated implants present an ankylosed interface with the 
surrounding bone, the crestal bone around the implants might act as a fulcrum point for 
lever action when a force (bending moment) is applied and, therefore, the crestal bone 
would be more susceptible to this force (Kim et al. 2005). If an implant is placed inclined in 
the residual bone, this bending moment might be increased upon loading (Kao et al. 2008) 
and could eventually compromise the osseointegration of the implant and the longevity of 
the rehabilitation. Nevertheless, in some situations the assessment of the biomechanical 
behavior of prosthetic rehabilitations in vivo is somehow limited, which makes interesting 
the use of in vitro simulations of the rehabilitations.  
  Several in vitro methods have been reported for the assessment of stress and 
strain of implant-supported rehabilitations (Assunção et al. 2009). Among these methods, 
the finite element method (FEM) has been widely used to evaluate problems involving 
complex geometries, such as the implant-supported rehabilitations by allowing the 
determination of stress and strain on surfaces of virtual models (Tanino et al. 2007) with 
the assistance of a computer device. This reliable method is advantageous for it is possible 
to verify stress distribution pattern in contacting interfaces of implant and surrounding 
cortical and trabecular bones (Sutpideler et al. 2004), besides providing information 
regarding prosthesis-implant interface and prosthetic components (Kano et al. 2006).  




 Thus, the aim of this study was to assess by means of tridimensional finite element 
method the effect on stress on bone structures and prosthetic components of posterior 
lower jaw three-element fixed partial dentures supported by inclined distal implants.  
 
Material and Methods 
 Three-dimensional finite element models were built using solid tetrahedral 
elements, simulating a three-element fixed partial denture supported by two implants. 
The FPD framework was modeled to simulate the rehabilitation of three missing teeth: 
first premolar, second premolar (pontic) and first molar. Four assemblies were modeled, 
consisting each of two dental implants (4.1mm X 11mm), two conical abutments, two 
prosthetic screws (Neodent – Curitiba, PR, Brazil) and a prosthetic framework. Models 
were built using different implant-abutment connection systems. The assemblies were 
modeled supported by external hexagon (EH) or morse-taper (MT) connection implants.  
 A posterior section of the mandible was modeled, with 1.5mm thick cortical bone 
layer. Implants were placed on the mandible section positioned either parallel (P) to each 
other or with the distal implants’ platform mesially inclined (I). For each implant 
positioning situation, proper abutments were modeled in order to obtain parallel 
prosthetic platforms for both implants, regardless of implant inclination. Therefore, for 
the models with parallel implants, conventional straight abutments were modeled; while 
for the inclined implants’ models 17o angled abutment was placed on the inclined implant, 
so that implant inclination would be corrected for adequate prosthetic rehabilitation.  
 All CAD and CAE activities constructing the solid geometry representation of the 
parts and the assembly and the further finite element analysis and post-processing were 
performed using the SolidWorks 3D CAD Design Software (Dassault Systèmes, SolidWorks 
Corporation, Concord, MA, USA). 
 As a first step, based on *.SAT files of the components, SolidWorks parts were 
generated. The assembled models were then obtained as SolidWorks Assembly, and 
finally, the finite element models were obtained with the SolidWorks Software included 




CosmosWorks FEM feature. The models were automatically meshed with compatible 
meshing generated between the parts. Parabolic tetrahedral elements were used, with 
standardized size of 0.35mm. Boundary conditions were set on both sides of the bone 
section on all models. 
 Loading conditions were set on the entire occlusal surface of the modeled 
prosthetic framework. Occlusal loads were applied on a combination of axial and lateral 
forces, which resulted in a sixty three degree oblique loading over each one of the 
restored teeth. Loading forces varied for each tooth (Mericske-Stern et al. 1995). First 
premolar and first molar received 180N load, with 161N downward axial force combined 
with 80.5N lateral force. Second premolar received 280N load with 250.44N downward 
axial force combined with 125.22N lateral force. 
 For this study, all materials were considered to be isotropic, homogeneous and 
linearly elastic. Mechanical properties (Poisson ratio and Young Modulus) of the materials 
were obtained from previous reports (Geng et al. 2004, Geng et al. 2001, Sakaguchi & 
Borgersen 1993): Implants and prosthetic framework – Commercially pure titanium (0.3; 
117GPa); Abutment and prosthetic screws – Ti-6Al-4V (0.31; 110GPa); Cortical bone (0.3; 
13.7GPa); Trabecular bone (0.3; 1.37GPa). All materials were considered to be isotropic, 
homogeneous and linearly elastic. Maximum von Mises stress values were determined as 
well as the stress’ distribution pattern and strain for each model. The models are labeled 
according to the implant-abutment connection system (EH or MT) and the distal implant 
position (P or I).  
 
Results 
 All FE models presented similar number of nodes and elements. The external-
hexagon parallel implants’ model (EH-P) presented 1490816 nodes and 1073719 
elements, the external-hexagon distal inclined implant model (EH-I) presented 1494400 
nodes and 1075913 elements, the morse-taper parallel implants’ model (MT-P) presented 
1472904 nodes and 1062819 elements and the morse-taper distal inclined implant model 




(MT-I) presented 1431540 nodes and 1030013 elements. The data from the FE analyses 
are presented as the associated von Mises stress. Colored diagrams were obtained using 
FEMAP FEM Post Processor (Version 8.3 - Siemens PLM Software, Plano, TX, USA) and are 
presented for the visualization of the models’ stress distribution characteristics. Maximum 
stress values are presented on Table 1. 
 Cortical bones’ stress distribution pattern was similar on all the models. Higher 
stress was concentrated at the interface between cortical bone and the implants’ neck 
(Figure 1). Regardless of the position of the implants, maximum von Mises stress on 
cortical bone was very similar on all models, ranging from 123-126MPa. On trabecular 
bone, MT parallel implants’ models presented lower maximum stress value (9.32MPa) 
than EH-P (13.30MPa). Once again, little difference on stress values could be observed 
between the evaluated connection systems in the presence of inclined distal implant (EH-I 
– 12.80MPa, MT-I – 12.60MPa). Maximum stress was concentrated at the cervical portion 
of the trabecular bone, for both implant positions. On the inclined implants’ models, 
higher stress presented to be more concentrated around the straight placed implant 
(Figure 2). Strain concentration on bone was similar to the stress distribution patterns. 
Strain obtained on the evaluated models is presented on Table 2. 
 For the implant structure and the prosthetic components, overall, MT models 
presented higher maximal von Mises stress values. External-hexagon implants presented 
maximum stress values ranging from 605-705MPa, while morse-taper implants-abutment 
models presented values ranging from 882-988MPa. On the implants maximum stress was 
concentrated on the neck of the external-hexagon implants and on the interface between 
abutment and implant on the morse-taper models (Figure 3). Morse-taper angled 
abutment presented two-fold higher maximum stress (892MPa) than the external-
hexagon angled abutment (432MPa), similar behavior was observed for the prosthetic 
screws on both parallel and inclined implant positioning. Maximum stress was 
concentrated at the abutments’ platform on the contacting surface with the implants’ 
platform of the external-hexagon models (Figure 4). On the morse-taper connection 




systems, stress was concentrated at the abutments’ cylinder (Figure 4). Despite the 
difference of maximum stress values on the prosthetic screws, stress was located at the 
same site for all models, which was around the screws’ neck (Figure 5). All frameworks 
presented concentrated stress at the bottom of the framework, on the contacting area 
between the framework and the abutment (Figure 6). 
 
Discussion 
 Patients presenting missing teeth are often interested in a replacement method 
that will offer them the most natural and long-lasting rehabilitation, manufactured aiming 
the maximum preservation of healthy structures, minimal surgical risk, cost-effectiveness 
and low maintenance (Belser et al. 2000). Therefore, implant-supported fixed partial 
dentures have become a valid option to restore occlusal function of partially edentulous 
patients. However, when it comes to posterior edentulous areas, implant placing might be 
difficult, due to bone irregularities or the presence of anatomical landmarks that 
compromise optimal positioning of the dental implants (Akca & Iplikcioglu 2001, Akca & 
Iplikcioglu 2002, Canay et al. 1996). 
 As a rehabilitation alternative, implants have been placed inclined, instead of 
parallel to each other. Tilted implants have been described as an option to reducing distal 
cantilever of free-end prosthesis, by means of distal inclination of the implants’ platform 
(Zampelis et al. 2007) aiming to better distribute occlusal loads (Del Fabbro et al. 2010). In 
the present study, distal implant was mesially inclined, simulating a situation where the 
mandibular canal would compromise the vertical positioning of the implant. The results 
obtained suggest that tilting of the distal implant does not promote extreme changes on 
maximum stress values on bone structures, both trabecular and cortical bone. Similar 
findings have been reported regarding distal (Zampelis et al. 2007) and mesial (Lan et al. 
2010) tilted dental implants. Also, stress distribution patterns on supporting bone were 
similar for all models. Higher stress was concentrated on surface areas of cortical and 
trabecular bone, which contradicts a photoelastic analysis (Markarian et al. 2007) on 




which the isochromatic fringes suggested uneven stress distribution pattern in the 
presence of tilted implant on a fixed partial rehabilitation, but is in accordance with the 
known bone resorption pattern around dental implants (Brosh et al. 1998, Canay et al. 
1996). 
 Maximum stress values of cortical bone ranged from 123 to 126MPa, which is 
bellow the ultimate tensile and compressive strength of cortical bone that has been 
reported to be around 100-121MPa and 167-173MPa respectively (Akca & Iplikcioglu 
2001, Reilly & Burstein 1975). This findings could suggest that cortical bone stress on 
three-element FPD on mandible would be within the acceptable limits of bone tissue, 
however, stress values that actually cause biological changes such as resorption and 
remodeling in the bone are not presently known (Akca & Iplikcioglu 2002). Inasmuch, 
strains exceeding 3,000µε are considered to be above the physiological tolerance 
threshold of bone and could favor bone resorption due to pathological loading (Duyck et 
al. 2001). Nonetheless, strain values obtained in the present study were found to be 
within this limit, also suggesting that the current loading conditions would not represent 
harm to the supporting bone structures. These assumptions might be sustained by clinical 
studies, on which survival rates of loaded prosthesis with angled abutments were of 98.2% 
(Sethi et al. 2000), similar to those with straight abutments or tooth-supported 
(Pjetursson et al. 2007). The same may be stated for immediately loaded tilted implants, 
that have also presented high mid-term survival rates (Del Fabbro et al. 2010).  
 When it comes to the evaluation of prosthetic components, biomechanical studies 
have been performed to evaluate stress on both prosthetic screws and abutment 
structures (Alkan et al. 2004, Lin et al. 2008, Pessoa et al. 2010, Wu et al. 2010). In the 
prosthetic structures, overall stress was higher on the abutment and prosthetic screw of 
the morse-taper model. Nevertheless, conical connection components  usually present 
greater contact surface, greater extent of  contact pressure and frictional resistance (Wu 
et al. 2010), which could be the reason for, despite higher stress concentration, screw 
loosening of morse-taper connection prosthesis is less frequent  (Lin et al. 2008).  




 Maximum stress was located at the bottom of the external-hexagon abutments, 
while for the morse-taper abutments, stress was concentrated at the cylindrical surface 
that contacts with the inner surface of the implants (Pessoa et al. 2010), regardless of the 
abutments’ angulation. Maximum stress values obtained presented to be higher on 
implants and abutments for both implant designs, which contradicts previous findings 
(Pessoa et al. 2010) that demonstrated that on morse-taper connection systems, minor 
stress would be observed on implants and abutment screw, while external-hexagon 
systems would present major stress concentration in these components.  
 Connection type has been reported to mainly affect stress values on the abutment 
screw (Pessoa et al. 2010), which was not observed in the present study. The comparison 
of stress values presented by the components of the evaluated implant connection 
systems suggests that connection type would affect stress on both the prosthetic screw 
and the abutments. Nevertheless, the presence of angled abutments did not seem to 
increase stress values within the same connection system models. Stress concentration 
sites on the abutment screws diverged for the connection systems. Abutment screws of 
external-hexagon system presented higher stress located close to the screws’ threads, 
while morse-taper abutment screws presented higher stress concentrated at the screws’ 
neck, near the higher stress concentration area of the abutment. Higher stress 
concentration has been reported to be around the shank of the screws, both prosthetic 
and abutment screw, regardless of implant connection system (Alkan et al. 2004). This 
stress distribution pattern was observed on the prosthetic screws of all models evaluated. 
 Finite element modeling for the evaluation of biomechanical behavior of implant-
supported rehabilitations is indeed considered reliable. However, some assumptions that 
were made in the present study need to be evidenced prior to any conclusion. All 
materials simulated in this study were considered to be linearly elastic, and bone 
structures were considered to be homogeneous, isotropic and completely osseointegrated 
to the implants’ surface. Thus, within the limitations of a finite element study, it can be 
concluded that both external-hexagon and morse-taper connection systems presented 




similar stress distribution on the supporting bone, and maximum stress values within the 
ultimate compressive and tensile strength of bone. Nonetheless, abutment and prosthetic 
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Table 1 – Maximum von Mises stress values (MPa) presented by the evaluated models. 
* On the MT model, implant and straight abutment were modeled as one piece, therefore, maximum stress 







Cortical Trabecular Straight Angled Abutment Prosthesis 
EH 
P 123 13.30 605 565 - - 127 260 
I 126 12.80 705 518 432 213 137 290 
MT 
P 125 9.32 882* - - 210 279 
I 123 12.6 988* 892 242 228 352 




Table 2 – Strain on bone (µε) presented on the evaluated models. 
Model Cortical bone Trabecular bone 
EH-P 777 840 
EH-I 796 809 
MT-P 793 589 
MT-I 776 799 
  





Figure 1 – von Mises stress distribution pattern on cortical bone (MPa). Maximum stress located at the 
cortical bone surrounding the implant. 
 
 





Figure 2 – von Mises stress distribution pattern on trabecular bone (MPa) – A (parallel implants), B 
(inclined distal implant). Maximum stress is located at the surface of the trabecular bone. On inclined 
implants’ models, higher stress concentration is seen on the straight placed implant. 





Figure 3 – von Mises stress distribution pattern on the dental implants (MPa). Maximum stress at the 
implants’ neck o HE models (A) and on the contacting surface between the abutment and implant on the 
MT models (B). 





Figure 4 – von Mises stress distribution pattern on abutment components (MPa). Both straight and 
angled HE abutments presented maximum stress concentrated at the bottom of the abutment (A and B). 
Morse-taper angled abutment presented higher stress on the abutments cylinder (C). Angled abutment 
screw presented stress close to the screws’ threads (D – HE-I) or close to the screws’ neck (E – MT-I). 





Figure 5 – von Mises stress distribution pattern of the prosthetic screws (MPa). Maximum stress was 
concentrated around the screws’ neck. 





Figure 6 – von Mises stress distribution pattern (MPa). Maximum stress was concentrated at the 








3. Considerações Gerais 
 
 Os capítulos previamente apresentados foram idealizados com o objetivo de 
retratar os questionamentos encontrados no decorrer da realização desta Tese, do 
desenvolvimento de modelos de elementos finitos e da avaliação da biomecânica de 
diversas condições clínicas, de carregamento oclusal, seleção e posicionamento de 
implantes e uso de componentes protéticos angulados. 
 A avaliação do efeito de simplificações de geometria na obtenção de modelos 
virtuais que simulam situações clínicas foi realizada com o intuito melhor compreender o 
comportamento das estruturas modeladas mediante a análise por elementos finitos, além 
de verificar se a realização destas simplificações poderia comprometer a acuidade dos 
resultados obtidos, uma vez que estudos utilizando a metodologia de elementos finitos 
frequentemente são realizados com representação simplificada das roscas dos implantes, 
sejam estas representadas como anéis concênticos (Chun et al., 2006) ou totalmente 
ausentes (Kao et al., 2008). Tais simplificações são realizadas principalmente devido à 
dificuldade de se obter malhas compatíveis entre as estruturas componentes do modelo 
de elementos finitos e devido às limitações de recursos computacionais para a solução de 
modelos de maior complexidade, e com número de elementos elevado. 
 Apesar da alta frequência em que modelos simplificados são apresentados na 
literatura científica, apenas um artigo científico foi realizado com o intuito de averiguar se 
estas simplificações comprometem os resultados obtidos. Assunção et al. (2009) 
verificaram por meio de análise bidimensional de elementos finitos, que a não 
representação das roscas dos implantes não compromete o padrão de distribuição de 
tensões no osso, mas demonstrou que os valores obtidos apresentam grande variação.  
 No presente estudo, as variações na modelagem da interface entre implante e 
osso demonstraram que os resultados obtidos podem ser dependentes da geometria 




modelada (Hansson & Werke, 2003; Kong et al., 2008), sendo que os maiores valores de 
tensão foram observados nas regiões de extremidade de rosca. Por sua vez, o padrão de 
distribuição de tensões, sendo estas concentradas na região cervical dos implantes, com 
maior concentração no osso cortical é condizente com achados clínicos. A solução de 
problemas mecânicos por meio da análise de elementos finitos pode gerar tensões e 
deformações artificialmente elevadas em decorrência de restrições cinemáticas, pontos 
de aplicação de cargas e regiões de extremidades anguladas. Estes fenômenos são 
exacerbados quando o problema mecânico avaliado por meio de análises de elementos 
finitos envolve estruturas biológicas (Dumont et al., 2009). O desenvolvimento destas 
tensões pontuais elevadas ocorre em função da teoria da elasticidade, à qual tendem os 
resultados obtidos pelo método de elementos finitos.  
 Entretanto, de acordo com o princípio de Saint Venant, artefatos de modelagem 
que geram valores pontuais de tensão excessiva não afetam os valores de tensão nas 
demais regiões (Horgan, 1989), mas dificultam a determinação precisa dos valores 
máximos de tensão. Com base nestas afirmações a respeito das análises de tensões, é 
possível sugerir que os valores de tensão elevados apresentados em regiões de 
extremidade de rosca podem não ser precisos. As variações nas modelagens das 
estruturas com rosca avaliadas no presente estudo demonstraram que pequenas 
alterações nos modelos, com relação à geometria das roscas e área de contato geram 
oscilações aleatórias dos valores de tensão, que podem não ser reais. Desta maneira, para 
a análise biomecânica de modelos mais complexos, o uso de superfícies de rosca 
simplificada ou sem rosca pode gerar valores de tensão mais confiáveis, uma vez que 
eliminam as regiões críticas para a solução pelo método de elementos finitos.  
 Uma vez determinada a geometria das interfaces com rosca e verificada a 
confiabilidade dos resultados apresentados por modelos simplificados, foram realizados 
questionamentos a respeito das condições de contorno dos modelos de elementos finitos. 
Assim, como nas situações de simplificações de roscas em modelos de elementos finitos, 
muitos artigos científicos são realizados com a aplicação apenas de cargas axiais, 




localizadas em apenas um elemento da reabilitação protética. Entretanto, sabe-se que os 
movimentos mastigatórios promovem forças axiais e momentos fletores que afetam as 
tensões geradas em implantes e estruturas ósseas (Geng et al., 2001). A associação de 
forças axiais e forças laterais gera forças resultantes oblíquas, mais condizentes com a 
situação clínica dos movimentos mastigatórios. Foi observado que a aplicação de carga 
oclusal com força resultante oblíqua promoveu aumento significativo nos valores de 
tensão apresentados nos modelos avaliados, o que indica que valores de tensão obtidos 
por meio de aplicação de carga oclusal exclusivamente no sentido axial podem minimizar 
os efeitos nos tecidos de suporte quando a reabilitação está em função. 
 Além da influência do tipo de forças oclusais aplicadas nos modelos, foi observado 
que os tipos de conexão do implante com o componente protético geram valores de 
tensão diferentes nos componentes protéticos de reabilitações implantossuportadas. Em 
reabilitações em implantes posicionados paralelos, a conexão de hexágono interno 
apresentou menor tensão nos componentes protéticos, enquanto as conexões de 
hexágono externo e cone morse apresentaram menor tensão no osso cortical. Já quando 
consideradas as reabilitações com implante distal inclinado, os modelos de conexão do 
tipo cone morse apresentaram maior tensão nos componentes protéticos angulados do 
que os modelos de hexágono externo. Estes comportamentos podem ser decorrentes da 
variação na área de contato entre os componentes e os implantes. 
 Pouca variação nos valores de tensão nos tecidos de suporte foi observada, 
independente do tipo de conexão ou inclinação dos implantes. Entretanto, o padrão de 
distribuição de tensão na presença de componentes angulados indicou maior 
concentração de tensão no implante posicionado verticalmente, provavelmente 
decorrente da maior área de contato no implante inclinado de ambas as conexões, que 
compensaria o efeito do momento fletor sobre o mesmo.  
 Baseado na semelhança nos padrões de distribuição de tensão entre os sistemas 
de conexão e as variações nos valores de tensão dos componentes protéticos, sugere-se 




que a utilização de componentes de conexão interna pode gerar reabilitações com maior 
estabilidade entre os componentes protéticos, sem comprometer os tecidos de suporte. 





 Dentro das limitações deste estudo e da metodologia de elementos finitos. Pode-
se concluir, para as situações e modelos avaliados, que: 
 
 O comportamento biomecânico (valores de tensão e padrões de distribuição de 
tensão) de modelos sem representação de rosca é semelhante ao de modelos com 
representação de rosca; 
 
 A aplicação de cargas oclusais oblíquas promove aumento significativo nos valores 
de tensão de reabilitações implantossuportadas; 
 
 O tipo de conexão do implante não interfere no padrão de distribuição de tensão 
aos tecidos de suporte e componentes protéticos; 
 
 O tipo de conexão do implante gera diferentes valores de tensão nos componentes 
protéticos; 
 
 O posicionamento inclinado de implantes não compromete a integridade dos 
tecidos de suporte. 
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